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The  reactions  at  linear  CjH/  with  acetylene,  diacetylene,  and  deuteriated  acetylene  were  investigated  with  a  Fourier  transform 
ion  cyclotron  resonance  (FTICR)  mass  spectrometer.  A  rate  coefficient  of  (1.4  ±  0.7)  x  l O'*  cm3/s  was  obuined  for  the 
reaction  of  linear  C3H,*  with  diaoetyiene  white  no  production  of  larger  ions  was  observed  with  acetylene.  The  ejection  capabilities 


by  isotope  exchange  reactions  between  linear  C,H/  and  deuteriated  acetylene.  Results  are  discussed  in  relation  to  previous 
work  involving  C,H/  reactions  and  a  proposed  ionic  rout*  to  soot  formation. 


The  C}Hj*  ion  has  received  considerable  attention  in  recent 
yean  as  a  possible  soot  precursor  because  it  is  found  in  quite  high 
abundance  in  fuel-rich  and  sooting  flames.1'1  Although  sub* 
stantial  uncertainty  remains  as  to  CjH/  formation  mechanisms 
in  flames.4*1  the  ion  is  postulated44  to  react  with  neutrals  such 
as  acetylene,  diacetylene,  and  C2H  in  rapid,  sequential  conden¬ 
sation  and  condensation/elimination  reactions,  forming  succes¬ 
sively  larger  ions,  which  can  rearrange  to  cyclic  species  during 
the  ion/molecule  reaction  chain. 


Michaud  et  ai.1  have  made  an  alternate  suggestion  that  direct 
reactions  of  CjHj*  with  aromatic  neutrals  such  as  benzene, 
toluene,  naphthalene,  methylnaphthalenes.  and  indene  may  be 
more  important  in  forming  polycyclic  ions  than  sequential  reactions 
involving  acetylene  and  diacetylene.  In  fact,  recent  ion  cyclotron 
resonance  (ICR)  studies  of  reactions  of  C,H,*  with  aromatic 
neutrals  showed7  that  these  reactions  are  fast  enough  to  be  con¬ 
sidered  as  possible  bypass  channels  in  ionic  soot  formation 
pathway*  in  fuel-rich  hydrocarbon  flames. 


Two  isomeric  structures  of  CjH/  are  important  in  discussing 
the  role  of  CjH/  in  ion/molecule  reaction  mechanisms.  The  first 
is  the  cydopropenylium  ion.  recognized  as  the  most  stable  isomer, 
which  has  a  theoretically  calculated  heat  of  formation  of  253 
keal/mol,9-9  in  quite  good  agreement  with  the  256  ±  2  keal/mol 
determined  by  experiment.10  A  second  and  potentially  more 
important  CjH/  structure  is  that  of  the  linear  propargylium  km 
with  a  calculated9-9  heat  of  formation  31  to  34  keal/mol  higher 
than  that  of  the  cydopropenylium  km.  in  fair  agreement  with  the 
25  keal/mol  difference  found  experimentally  by  Lotsing.10  Recent 
calculations9  have  shown  several  other  stable  isomeric  structures 
of  the  C)Hj*  ion  with  higher  heats  of  formation  relative  to  the 
cydopropenylium  and  propargylium  ions. 


The  importance  of  different  precursors  in  affecting  the  reactivity 
of  CjHj*  ions  was  reported  in  a  tbermochemical  study  of  Holmes 
and  Lossing.11  In  an  ICR  study  of  CjHj*  reactions.  Auskws  and 
Lias1*  showed  that  significant  fractions  of  the  linear  isomer  can 
be  produced  by  charge-transfer  reactions  of  small  ions  (Ar*.  Xe4, 
CO*,  Nc+,  etc.)  with  propargyl  chloride  and  bromide.  Later  it 
was  reported7  that  even  higher  proportions  of  the  propargylium 
isomer  relative  to  the  cydopropenylium  isomer  can  be  obtained 
with  propargyl  iodide  either  by  electron  impact  or  charge  exchange 
using  Xe*. 


A  study  by  Smyth  et  al.11  demonstrated  that  the  cyclo- 
propenylium  ion  was  relatively  unreactive  toward  simple  hydro¬ 
carbon  fuels  whereas  the  linear,  propargylium  ion  was  quite  re¬ 
active.  In  particular,  reaction  of  propargylium  ions  with  acetylene 
was  reported  to  produce  C»Hj*  and  C,H/  ions  with  an  overall 
CjHj*  disappearance  rate  coefficient  of  I  X  I0"9  cm3/s.  Since 
this  sequence  of  reactions  is  a  critical  one  in  the  initial  stages  of 
the  postulated  ion/ molecule  mechanism  of  soot  formation,  it  was 
studied  as  a  part  of  ongoing  work7 14  in  our  laboratory  related  to 
reactivity  and  structures  of  small  hydrocarbon  ions.  Results 
substantially  different  from  those  reported  earlier  were  found  and 
the  study  was  thus  expanded  to  investigate  possible  production 
of  C*H/  ions  from  ionic  sources  other  than  C,H/  present  in  the 
reaction  media  using  the  ejection  capabilities  of  Fourier  transform 
ion  cyclotron  resonance  ( FTICR)  mass  spectrometry.  Reactions 
of  propargylium  ions  with  C2D2  were  also  studied  in  order  to 
delineate  further  a  proposed  mechanism  for  the  C,H //acetylene 
interaction. 


Diaoetyiene  is  another  important  flame  neutral  which  has  been 


postulated  to  react  with  CjHj*  ions  in  an  ion/ molecule  soot 
formation  mechanism*  Reaction  psthwmys  snd  the  rate  coefficient 
for  the  reaction  of  propargylium  ions  with  diacetylene  near  room 
temperature  were  thus  also  investigated.  In  this  paper,  results 
for  the  reactions  of  C,H/  tons  with  acetylene,  deuteriated 
acetylene,  and  diacetytene  are  reported  and  discussed  in  relation 
to  previous  work  involving  C}H/  reactions712-1 3  and  the  proposed** 
ionic  route  to  soot  formation. 


Experimental  Section 


A  Nicolct  FTMS-1000  Fourier  transform  ion  cyclotron  reso¬ 
nance  (FTICR)  mats  spectrometer  with  a  superconducting  magnet 
of  fixed  magnetic  field  (3.0  T)  was  used  for  the  work  reported 
here.  Basic  principles  of  the  technique  and  its  applications  in 
ion/ molecule  reaction  studies  have  been  reviewed  in  several  recent 
articles.1  ^ 7  Reaction  pathways  were  delineated  by  using  the 
ejection  capabilities19  of  FTICR  which  make  it  possible  to  eject 
one  ion  from  a  complicated  reaction  mixture  to  determine  its 
contribution  to  the  mass  spectrum  of  all  the  other  ions. 


Reaction  rate  coefficients  were  determined  by  monitoring  the 
intensity  of  the  CjH,*  ions  as  a  function  of  time  (typically  at  least 
2  s)  after  ejection  of  all  other  ions  from  the  analyzer  cell.  Neutral 
gas  pressures  were  measured  with  an  ionization  gauge.  Ionization 
gauge  readings  were  then  corrected  by  constructing  calibration 
curvet  of  ionization  gauge  vs.  capacitance  manometer  (MKS- 
Baratron)  readings  in  the  1  X  10~*  to  1  X  KT*  Torr  range.  In 
order  to  correct  for  the  fact  that  the  ionization  gauge  and  capa¬ 
citance  manometer  were  located  at  different  points  on  the  vacuum 
system,  somewhat  removed  from  the  FTICR  analyzer  cell,  a 
correction  factor  was  required.  This  was  obuined  by  determining 
the  rate  coefficient  of  a  well-studied  reaction  (C2H/  +  C2H«  — 
products,  km  «  ( 1 .0  ±  0.3)  X  KT9  cm3/*).1*’*  where  the  ionization 
gauge  pressure  readings  were  corrected  by  using  the  capacitance 
manometer.  This  experimentally  determined  rate  coefficient  was 
then  compared  with  the  average  of  published  values1**23  and  the 
ratio  of  the  published  value  to  the  measured,  which  was  3.3  ± 
LI.*3  was  used  as  a  correction  factor.  This  factor  was  used  in 
calculating  the  absolute  rate  coefficients  reported  in  this  article. 
All  calculations  of  rate  coefficients  and  95%  confidence  limits  were 
performed  with  a  menu-driven  Fortran  computer  program 
(available  from  the  authors  on  request). 


Reactive  and  nonreactive  CjH/  ions  were  produced  by 
charge-transfer  reactions  of  various  precursors  with  Xe*,  formed 
with  an  electron  beam  pulse  of  5-ms  duration  at  an  ionizing 
electron  energy  of  ca.  15  eV.  Propargyl  iodide  was  used  as  a 
precursor  for  CjH/  in  studies  of  the  reaction  of  this  ion  with 
acetylene,  deuteriated  acetylene,  and  diacetylene.  while  a  number 
of  different  precursors  (propargyl  iodide,  propargyl  bromide,  ♦ 

propargyl  chloride,  propyne,  and  aliened  were  used  to  investigate  .  s 
the  reaction  mechanisms  leading  to  QH,*  ion  formation.  In  some  ' 
studies  C,Hj*  ions  were  produced  directly  from  the  above-men¬ 
tioned  precursors  by  electron  impact  to  compare  the  effect  of 
ionization  technique  on  the  ratio  of  reactive  to  unreactive  isomers. 


Propargyl  iodide  was  prepared  from  propargyl  chloride  by  a 
halogen  exchange  reaction.2*  The  details  of  purification  are  given 
elsewhere.7  Propargyl  chloride,  propargyl  bromide,  allene,  pro¬ 
pyne,  and  acetylene  were  obtained  commercially  and  their  purity 
was  checked  by  obtaining  wide  mass  range  spectra.  In  the  case 
of  acetylene,  some  production  of  protonated  acetone  was  observed 
at  long  delay  times  indicating  the  presence  of  a  small  amount  of 
acetone  as  an  impurity.  Propargyl  bromide  was  distilled  before 
use  in  order  to  remove  toluene  which  was  present  as  a  stabilizing 
agent.  Deuteriated  acetylene  was  prepared  from  D;0  and  CaCN. 
Diacetylene  was  prepared  by  the  method  of  dehydrochlorination 
of  l.4-dichloro-3-butyne  in  aqueous  potassium  hydroxide/dioxane 
solution.27  All  the  samples  were  used  after  multiple  frecze- 
pumf^thaw  cycles. 


Results 


C\H*  Reactions  with  Acetylene.  Despite  an  earlier  report13 
that  linear  C,Ht*  is  quite  reactive  with  acetylene,  only  very  low 
intensities  of  C«H/  and  C,H«*  produced  via  this  reaction  could 
be  found  in  this  work.  Experimental  conditions  of  the  earlier  study 
were  duplicated  as  closely  as  possible,  and  then  varied  substantially 
with  respect  to  relative  pressures  of  neutrals  (from  l  .l  to  8  l 
CjUjCjHjI)  and  overall  system  pressure  (from  5  X  I0'T  to  3  x 
I0‘3  Torr).  C,H/  ions  were  formed  from  propargyl  chloride. 
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bromide,  end  iodide  by  both  charge  transfer  using  Xe*  and  electron 
impact.  In  order  to  determine  other  possible  sources  of  CSH5* 
observed  under  the  earlier  reaction  conditions,  binary  mixtures 
of  aoetyiene  and  one  of  the  CjHj*  precursors  reported*1*11  earlier 
were  used.  Intensities  of  CjHj*  and  CjHj*  were  first  measured 
after  a  125-ms  reaction  time.  Then  the  parent  ion,  C2H2*.  and 
CjHj*  were  each  ejected  separately  during  the  125-ms  reaction 
period  to  assess  their  contribution  to  CjHs*  and  C}H,*  formation. 

For  each  different  neutral  precursor,  the  sources  and  amounts 
of  C}H5*  ions  produced  were  found  to  be  different.  Propyne  and 
allene  were  similar  in  producing  large  amounts  of  CjH5*  and  no 
CjHj*  ion.  However,  the  CjHj*  +  C2H2  reaction  was  not  re¬ 
sponsible  for  C,Hj*  formation.  The  main  reactions  leading  to 
CjHj*  were 

C2H2*  ♦  C,H4  —  C*H,*  +  H  (1) 

C,H4*  +  C2H2  —  C,H5*  ♦  H  (2) 

m  both  cases.  On  the  other  hand,  when  prapargyl  iodide,  propargyl 
bromide,  and  propargyl  chloride  were  used  as  precursors,  relatively 
smaller  amounts  of  C5H5*  ion  formation  were  observed  along  with 
CjHj*  ion  production.  In  the  propargyl  chloride  case 

CjHjCI*  +  C2H2  -  CjHj*  +  Cl  (3) 

CjHj*  +  CjHjCl  —  CjHj*  +  Cl  (4) 

were  the  major  reactions  leading  to  C,H5*  formation.  For  pro¬ 
pargyl  bromide  the 

C,H,8r*  +  C2H2  —  CjH,*  +  Br  (5) 

reaction  was  the  only  source  of  C5Hy*  ions  observed.  Any  con¬ 
tribution  to  C5Hj*  formation  from  linear  CjH,*  was  less  than 
the  experimental  uncertainty.  Finally,  very  little  (almost  negli¬ 
gible)  amounts  of  CjHj*  ions  were  oteerved  when  propargyl  iodide 
was  used  as  a  precursor  and  the  reactions 

C2H2*  +  CjHjl  -  CjHj*  +  I  (6) 

C,H,*  +  C2H2-C,Hj*  (7) 

were  the  major  contributors  in  this  case.  An  upper  limit  for  the 
rate  constant,  k.  for  reaction  7  was  estimated  as  5  X  10“' 1  cm*/* 
by  assuming  that  the  very  small  C,Hj*  signal  observed  resulted 
from  this  reaction,  and  using  the  expression  (C,H,*j(t)  * 
fCjH|*)(0)  -  lC,H,*l(t)  -  [C,H,n(0)e^.  where  n  is  the  C;H2 
number  density.  Overall  results  for  the  production  of  CjH5*  and 
CjHj*  ions  with  different  neutrals  which  have  been  reported7 1111 
as  precursors  of  CjH,*  are  summarized  in  Table  I. 

Because  propargyl  iodide  was  shown  to  produce  the  highest 
react ive/unreaettve  ratio  of  CjHj*  ions  in  both  earlier7,11  and  the  1 

present  work  (see  Table  II),  it  was^gs  a  precursor  for  CjHj*  iotuu- — 
in  these  reaction  kinetics  studies.  "Since  the  precursor  neutral 
molecule  was  always  present  in  the  FTICR  analyzer  cell,  it  was 
a  competitor  with  the  reactant  neutral  of  interest  in  ion/molecule 
reactions  involving  CjHj*.  In  order  to  determine  the  rate  coef¬ 
ficient  of  reactions  of  CjH,*  with  the  neutral  reactant,  it  was 
necessary  first  to  monitor  the  reactions  of  this  ion  with  CjH,l  and 

then  to  subtract  the  rate  coefficient  for  this  reaction  ofrrtiirtolT  /. - 

wiihXjHjl  and  their  u»  mbtfWI  Hwr  rate  wefficinn  for  this-  Vs^ 
rramisn  from  the  total  rate  coefficient  observed  in  the  presence 
of  both  the  precursor  neutral  and  the  reactant  of  interest.  Re¬ 
actions  of  C,H*  with  propargyl  iodide  waa monitored  as  a  function--—  IH  *  rC 
of  time  following  charge-transfer  chemicanonizatibiTof  C,H,I  1 
by  Xe*  and  ejection  of  all  ions  but  C,H, Jt  reaction  channels  with 
propargyl  iodide  which  have  been  reported  elsewhere.7 

Iu>meri2ation  of  Linear  C,//,*.  In  addition  to  the  absence  of 
any  significant  CjHj*  and  C,Hj*  formed  by  reaction  of  linear 
C|Mj*  with  CjHj.  it  was  also  observed  that  C»H:  led  to  the 
isomerization  of  linear  C,H,*  ions  to  their  cyclic  form,  thus 
rendering  them  unreactive  toward  their  parent  neutral  (C,ll,l) 
as  well  as  toward  C;H2.  This  isomerization  was  followed  as  a 
function  ofCjll,  pressure  and  a  direct  pressure  dependence  was 
found,  as  can  be  seen  in  Figure  I. 

C}H*  Fractions  with  C:Dj.  To  achieve  a  better  understanding 
of  the  isomcri/ation  of  linear  C»H|*.  CjDj  instead  of  CjH2  was 
used  as  the  neutral  reactant.  The  following  isotope  exchange 
reactions  were  observed 


C,H,*  +  CjD,  —  C,H,D*  +  CjDH 

(t) 

CjHj*  +  CjDj  —  CjHDj*  +  CjHj 

(») 

■r 

C,HjD  +  CjDj  —  C,HDj-  +  C,DH 

(10)  ^ - 

C,H,D*  +  CjDj  -  C,Dj*  +  CjH, 

(11) 

CjHDj*  +  CjDj  —  C,Dj-  +  CjDH 

(12)  ; 

With  the  FTICR  ejection  capabilities,  it  was  found  that  reactions 
9  and  10  contribute  equally  to  the  production  of  CjHD2*  while 
reaction  12  produces  more  of  the  CjDj*  (80%)  than  reaction  1 1 
(20%). 

Ion  intensity  vs.  time  curves  for  the  C,Hj*/C2D2  reaction  are 
shown  in  Figure  2.  The  overall  rate  coefficient  for  the  disap¬ 
pearance  of  CjHj*  was  calculated  by  subtracting  the  observed 
rate  coefficient  for  the  reaction  with  propargyl  iodide  from  the 
total  observed  rate  coefficient  in  the  presence  of  C2D2.  This 
observed  rate  coefficient  was  then  converted  to  the  true  rate 
coefficient  by  using  the  corrected  pressure  of  C2D2.  A  value  of 
(4.5  ±  1.9)  X  I0"‘*  cm7/*  was  found  at  a  cell  temperature  of  373 
X  for  the  disappearance  of  CjH,*  (reactions  8  and  9).  In  Figure 
3,  ion  intensity  vs.  time  curve*  of  C,H,*  are  compared  for  reactions 
with  and  without  C2D2. 

Cj/f  J*  Reactions  with  Diacetylene.  After  ejection  of  alt  ions 
except  CjHj*  following  charge-transfer  chemical  ionization  by 
Xe*  of  a  mixture  of  diacetylene  and  propargyl  iodide,  the  ion/ 
molecule  reactions  as  a  function  of  time  were  monitored.  Con- 


lecuiive  Cj  and  C.H,  addition  reaatomajtnerved:  _ 

- - - - - 

C,Hj-  +  C.Hj  -  C.Hj- 

(13) 

C,Hj-  +  C.Hj  -  C,Hj*  +  CjHj 

(M) 

C,H,*  +  C.Hj  -  C.H,* 

(15) 

C,H,*  +  C.Hj  -  C,H,*  +  CjH, 

(16) 

CjHj*  +  C.Hj  -  C„H,* 

(H) 

Cai,*  +  C,H,-C„H,*  +  C,H, 

H«) 

C4V  +  C.H,-C„H,* 

(19) 

Some  of  these  product  ions  were  seen  to  react  further  with 
propargyl  iodide  by  displacement  of  atomic  iodine: 

CjH,*  +  C,HX  -  C.H.*  +  1  (20)  * - 

CjH,i 

CjHj*  +  C,Hjr»  C„H.*  +  1  (21) 

C,Hj*  +  CjHjl  -  C,»H,*  +  1 

(22) 

C.H.*  +  C.H,!  -C„H,*  +  1 

(23) 

QHj*  +  CjHjl  -  C„H,*  +  1 

(24) 

Ion  intensity  vs.  time  cur  rs  for  the  C|H,*/C4H;  reaction  are 
shown  in  Figure  4.  The  rate  coefficient  for  the  disappearance 
of  CjH,*  (reactions  13  and  14.  Figure  5)  was  calculated  as  de¬ 
scribed  earlier,  and  a  value  of  k  *  (1.4  ±  0.7)  x  10*  cmJ/»  was 
found. 

Propargyl  iodide,  bromide,  and  chloride  were  all  used  as  pre¬ 
cursors  of  C,ll|*  in  studying  its  reactions  with  diacetylene.  For 
each  precursor,  both  electron  impact  and  charge-transfer  chemical 
ionization  techniques  were  used.  The  percentages  of  reactive 
isomer  in  the  reaction  with  diacetylene  are  shown  in  Table  III 
When  these  percentages  of  reactive  isomer  were  compared  to  those 
in  the  absence  of  C4II2  (sec  Table  II).  it  was  clear  that  some 
isomerization  of  the  reactive  linear  C ,11,*  ion.  as  well  as  reactions 
13  and  14.  had  taken  place  (see  also  Figure  5)  This  isomerization 
was  followed  as  a  function  of  C4llj  pressure  and  a  direct  pressure 
dependence  was  found,  as  can  be  seen  in  Table  IV 
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Although  the  results  of  this  work  are  not  in  agreement  with 
the  earlier  report14  of  CjH//CjN2  reactivity,  the  discrepancy  is 
moat  likely  due  to  limitations  of  the  older  pulsed  ICR1'  instru¬ 
mentation  for  studying  ion/ molecule  reaction  pathways  in  com¬ 
plicated  systems  when  compared  to  newer  FTICR  capabilities. 
Facile  ejection  of  all  ions  except  the  one  whose  ion /molecule 
reactions  arc  being  investigated  offers  a  very  clean  monitoring 
opportunity  for  product-parent  relationships  even  in  complicated 
consecutive  and  competitive  reaction  systems.  Various  alternative 
pathways  for  the  production  of  C* H/  and  C5HS*  which  have  been 
described  above  probably  contributed  significantly  to  the  intensities 
of  these  ions  seen  in  the  earlier  work.  Additional  support  for  the 
low  reactivity  of  CjH/  with  C2H2  is  found  in  a  recent  report21 
of  the  rate  coefficient  for  this  reaction  as  less  than  0.01  X  10  * 
cm1/*,  although  the  isomeric  form  of  C,H/  was  not  given.  It 
is  also  possible  that  the  highest  pressures  used  in  this  work  did 
not  reach  those  of  the  earlier  study11  due  to  differences  in  the 
location  of  capacitance  manometers,  ionization  gauges,  etc.  Thus 
third-body  stabilization  of  CjHs*  collision  complexes  might  have 
been  occurring  to  some  extent  in  the  earlier  work  and  not  in  that 
reported  here. 

The  most  likely  mechanism  of  the  observed  isomerization  of 
C,H/  ions  by  collisions  with  acetylene  is  a  “reactive"  rather  than 
a  “non reactive*  one.  That  is,  it  results  from  an  intimate  encounter 
of  the  ion  and  neutral  in  the  C,H/  collision  complex.  This 
hypothesis  is  confirmed  by  the  fact  that  dcuteriaied  forms  of 
CjH/  were  produced  when  C2D2  was  the  neutral  reactant  (see 
Figure  3).  In  most  cases  the  C,N/  collision  complex  dissociates 
to  give  the  cyclic,  unreactive.  C,H isomer,  instead  of  the  reactive, 
linear  form  which  reacted  initially.  The  possibility  of  nonreactive 
colliskmal  isomerization  of  linear  CjH/  to  the  cyclic  isomer  has 
been  ruled  out  because  experiments  at  elevated  pressures  of  xenon 
(to  ca.  1  X  !0*s  Torr)  showed  no  interconversion.  Similar  in¬ 
terconversion  of  C4H/  ions  from  a  linear  to  cyclic  form  has  also 
been  reported*  in  the  reaction  with  CjHj  and  has  also  been  shown 
to  uke  place  via  complex  formation  by  using  isotopically  labeled 
C2H3.  To  confirm  the  hypothesis  that  energetically  less  stable, 
reactive,  (linear)  CjH/  ions  interconvcrt  to  more  stable,  unreactive 
ones,  cyclic  CjH/  ions  were  also  reacted  with  C2D2  and  no  isotope 
exchange  reactions  were  observed. 

Plots  of  CjH/  ion  intensity  vs.  time  for  reaction  with  di- 
acetylene  (C4H2)  (Figure  5)  indicate  a  10-12%  increase  in  the 
intensity  of  the  unreactive  isomer  relative  to  the  reaction  when 
the  parent  precursor  only  is  present.  Isomerization  of  reactive 
CjH/  was  also  seen  when  different  precursors  were  used  (compare; 
Tables  (1  and  (II).  A  similar  mechanism  involving  complex 
formation  may  be  responsible  for  this  isomerization  as  well,  al¬ 
though  it  was  not  investigated  in  any  detail. 

The  extensive  ion/molecule  condensation  reaction  sequences 
(reactions  13-19)  observed  when  CjH/  reacts  with  C4H;  suggest 
that  this  aspect  of  (he  proposed44  ionic  path  to  soot  formation  is 
quite  credible.  The  rate  coefficient  determined  in  this  work  for 
CjHj*  disappearance  ((1.4  *  0.7)  X  I  O'4  cm1/*)  is  in  good 
agreement  with  that  determined  earlier*1  ((1.0  ±  0.5)  x  10  4 
cm1/*)  Some  of  the  product  ions  formed  (e  g.  C,H/  and  OH/) 
have  been  seen  to  be  abundant  in  both  nonsooting  and  sooting 
fames.2  On  the  other  hand,  the  observation  ot  C,H/  isomeri¬ 
zation  and  not  condensation  with  acetylene  suggests  that  the 
proposed  sequential  acetylene  addition  reactions  to  OH/  in  the 
ionic  soot  formation  mechanism  be  reconsidered  Other  channels 
such  as  direct  reaction  of  neutral  aromatics  with  C ill  /  ' 1  may 
be  as  important  in  the  formation  of  small  polycyclic  ions. 

These  experiments  and  those  reported  earlier11  were  carried 
out  at  relatively  low  pressures  ip  3  5  x  10  1  Torr).  It  is  thus  quite 
possible  that  third-body  collisions  in  atmospheric  pressure  flames 
can  stabilize  a  fraction  of  the  C,||/  reaction  complescs  be  I  ore 
the  “reactive"  deactivation  observed  in  this  work  can  take  place 
However,  direct  btmolcculjr  reaction  of  linear  <\H/  »»th 
acetylene  to  form  C«ll/  and  C*ll/  does  not  appear  to  take  place 
readily. 

Reactivity  studies  involving  other  small  hydrocarbon  ions  and 
flame  neutrals,  including  determination  of  rate  coefficients  u 
elevated  temperatures,  are  in  progress  jnd  will  be  reported  in 
subsequent  publications. 
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Table  I:  Production  of  CgH5+  and  CgH3  +  ions  in  mixtures  of  various  neutrals 
and  acetylene.a 


Neutral 

Ionic  sources*3 
of  C5H5+  after 
Xe+  charge 

transfer 

ionization  of 

a  mixture  of 

the  neutral 

and  acetylene 

Ratio  of 

C5h5+  Prod* 
relative  to 

that  in 

allene  casec 

9  h 

Ionic  sources0 
of  C5H3+ 

Intensity 
of  c5h5+ 
vs.  C5H3+ 

Percent 

reactive 

c3h3+ 

ions 

Allene 

C2H2+(40%) 

1  .0 

- 

- 

<5 

C3H4+(60%) 

Propyne 

C2H2+(40%) 

0.75 

- 

- 

30 

C3H4+(60%) 

Propargyl 

C2H2+( 40-50%) 

0.25 

c3H3C1+(20%) 

3.0 

15 

chloride 

C3H3Cl+(50-60%) 

C3H3+(20%) 

c2H2+(60%) 

Propargyl 

C3H3Br+(90-100%) 

0.08 

C2H2+(70%) 

2.0 

85 

bromide 

Ic3h3+  + 

• 

C3H3Br+] (30%) 

Propargyl 

C2H2+(40%) 

<0.02 

C2f!2+(50%) 

1.7 

90 

iodide 

C3H3+(60%) 

C3H3+(50%) 

*  All  ions  were  produced  by  chemical  ionization  charge  transfer  from  Xe  +  . 

Percentages  show  the  relative  contributions  to  C5n5+  and  c5ll3  +  production  as 
determined  by  double  resonance  experiments  and  have  an  estimated  uncertainty 
of  ±10%. 

c  Neutral  reactants  all  had  the  same  pressure  (7  X  10-7  torr)  as  measured  by 
the  ionization  gauge.  Xenon  and  acetylene  pressures  were  5.6  X  1 0-”  and  1.8 
X  ^0~6  torr,  respectively. 
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Table  II s  Percentages3  of  reactive  found  from  various  precursors  by 

various  ionization  techniques  (monitored  by  observing  reaction  with  the 
precursor  neutral). 


Ionizing 

Precursor 

technique 

Propargyl 

Propargyl 

Propargyl 

iodide 

bromide 

chloride 

Electron  impact 
(15  eV) 

90% 

40% 

10% 

Chemical  ionization 
charge  transfer 
with  Xe+ 


90% 


85% 


15% 


Table  III:  Percentages3  of  reactive  C3H3+  observed  in  the  reaction  with 

b 


C>.H 


4”2* 


Ionization 

Precursor 

technique 

Propargyl 

Propargyl 

Propargyl 

iodide 

bromide 

chloride 

Electron  impact 
(15  eV) 

75% 

30% 

5% 

Charge  transfer 
by  Xe+ 


75% 


65% 


5% 


Table  IV:  Changes 

diacetylene.b 


in  C3H3"^ 


reactivity® 


at  different  pressures  of 


Pressure  of 

C4h2/-|°~7  torr  %  of  unreactive  C3H3+ 


0.8  16 


1.6 


17 


4.8 


25 


7.2 


32 


8.0 


35 


9.6 


40 


^■-<“3h3+  ions  were  produced  from  propargyl  iodide  by  chemical  ionization 
charge  transfer  with  Xe+.  =  1,1  x  10-7  torr;  pXe  was  adjusted  to 

maintain  a  constant  total  pressure  of  2.6  X  10-^  torr  as  read  on  the 
ionization  gauge). 


All  pressures  are  capacitance-manometer  corrected 


Figure  Captions 


Figure  1.  Isomerization  of  linear  C3H3  +  ions  at  different  pressures  of 
C2H2.  c3h3+  ions  were  produced  by  charge  transfer  reactions  with 

Xe.  ^C3h3I  =  1,1  x  10-7  torr;  pXe  was  adjusted  to  maintain  a 
constant  total  pressure  of  2.6  X  10“°  torr  as  measured  on  the 
ionization  gauge.  (All  pressures  are  capacitance-manometer 
corrected. ) 

Figure  2.  Isotope  exchange  reactions  of  C3h3  +  with  C2d2.  Disappearance  of 

C3h3+  ion  includes  reactions  with  propargyl  iodide.  Note  that  the 

sum  of  all  isotopic  forms  of  C3h3+  remaining  at  the  end  of  the 

reaction  with  C2D2  approximately  equals  the  total  unreactive  C3H3+ 

when  C2H2  is  used  as  a  neutral  reactant  at  the  same  pressure  (see 

Fig.  1).  pc  H  j  =  1 .1  X  10-7  torr;  pQ  D  =  1.2  X  10“°  torr;  pXe  = 
3  3  2  2 

6.2  X  10-6  torr. 


Figure  3.  C3H3+  ion  decay  curves  for  reaction  with  C3H3I  and  C2D2. 

(Pressures  are  the  same  as  given  for  Fig.  2.) 

Figure  4.  Reactions  of  C3H3+  with  C4H2.  Disappearance  of  C3H3+  and  product 

ions  include  reactions  with  propargyl  iodide.  pr  „  x  =  1.1  X  1 0-7 

l3h3 

torr;  Pc4h2  =  4,8  x  10~?  torrf  PXe  =  6,2  x  10~6  torr*  (All 

pressures  are  capacitance-manometer  corrected.  ) 


Figure  5.  C3h3  +  decay  curves  for  the  reactions  with  C3h3i  and  C4Ht 


(Pressures  are  the  same  as  given  for  Fig.  4.) 


Reactivity  of  l-C3H|  with  C3H3I  at  different  acetylene  pressures 
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